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Abstract
Objective: Nutrient and food standards exist for school lunches in English primary
schools although packed lunches brought from home are not regulated. The aim
of the present study was to determine nutritional and dietary differences by
lunch type.
Design: A cross-sectional survey was carried out in 2007 assessing diet using the
Child and Diet Evaluation Tool (CADET), a validated 24 h estimated food diary.
The data were analysed to determine nutritional and dietary intakes over the
whole day by school meal type: school meals and packed lunches.
Setting: Fifty-four primary schools across England.
Subjects: Children (n 2709) aged 6–8 years.
Results: Children having a packed lunch consumed on average 11·0 g more total
sugars (95 % CI 6·6, 15·3 g) and 101mg more Na (95% CI 29, 173mg) over the
whole day. Conversely, children having a school meal consumed, on average, 4·0 g
more protein (95% CI 2·3, 5·7 g), 0·9 g more ﬁbre (NSP; 95 % CI 0·5, 1·3 g) and
0·4mg more Zn (95% CI 0·1, 0·6mg). There was no difference in daily energy
intake by lunch type. Children having a packed lunch were more likely to consume
snacks and sweetened drinks; while children having a school meal were more likely
to consume different types of vegetables and drink water over the whole day.
Conclusions: Compared with children having a school meal, children taking a
packed lunch to school consumed a lower-quality diet over the whole day,
including higher levels of sugar and Na and fewer vegetables. These ﬁndings
support the introduction of policies that increase school meal uptake.
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The increasing prevalence(1,2) and economic burden(3) of
childhood obesity in the UK, and elsewhere, have led to
the UK Government’s decision to introduce policies
to improve the quality of children’s diets. Research in this
area has identiﬁed important dietary risk factors for
obesity, which include a high proportion of energy-dense
foods high in fats and sugars as well as large intakes of
sugar-sweetened beverages(1,4,5). In addition, low con-
sumption of fruits and vegetables and ﬁbre is strongly
associated with a range of important health outcomes in
adults including CVD and some cancers(6–8). This has
resulted in a number of Western countries, including the
UK, focusing on improvements in school food and intro-
ducing school meal standards(9,10). Further changes were
introduced in 2014 when free school meals were made
available to all young schoolchildren (aged 4–7 years) in
England(11).
Food- and nutrient-based standards were introduced by
law into primary schools in England between September
2006 and 2008(12,13), and were based on recommendations
from the School Meal Review Panel formed in 2005(14).
Before these standards, school meals had not been regu-
lated for many years in the UK, although the Caroline
Walker Trust provided recommendations in 2001 for
schools to follow voluntarily(15,16). Information on how to
implement the standards was consequently provided for
schools by the School Food Trust. Nutrient-based stan-
dards included minimum or maximum standards for a
school meal (averaged over a menu cycle, commonly one
to three weeks) for thirteen nutrients and energy (energy
alone had both a minimum and maximum recommended
level)(17). In addition to the nutrient-based standards, a
number of foods were restricted such as low-quality meat,
savoury snacks and confectionery products in order to
exclude foods high in Na, saturated fats and sugars(18).
More nutritious foods such as fruit and vegetables and
bread without spreads were made part of every school
meal. When ﬁrst introduced, the standards were enforced
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by Ofsted which inspects schools periodically; however,
since the change of government in 2010, further amend-
ments were made to the law and schools’ compliance to
the standards is no longer formally assessed(19).
Cross-sectional studies carried out by the School Food
Trust indicate that the quality of school meals has
improved since the introduction of the school meal stan-
dards, both in primary schools(20) and secondary
schools(21). School meals are now higher in vegetables and
lower in sugars and Na than they were in the past. Analysis
of the Low Income Diet and Nutrition Survey(22) by
Stevens and Nelson(23) reported that children who had a
packed lunch had higher daily intakes of total fat, satu-
rated fat and Na at lunchtime than children having a free
school meal among the population of low-income chil-
dren. A separate study of packed lunches only also found
that sugars, saturated fat and Na were particularly high in
children’s packed lunches(24). Although there is strong
evidence that school meals have improved lunchtime
intake for children, it is necessary to determine the impact
of meal type on children’s diets over the whole day to
determine whether differences at lunchtime are main-
tained over the rest of the day. There are few published
studies comparing the nutritional intake over the whole
day by school meal type that have collected data after the
introduction of the school meal standards in 2006. Evans
et al. reviewed cross-sectional studies comparing daily
intake by school meal type carried out before the intro-
duction of standards(25) and concluded that even before
the improvements in school meals, packed lunches were
less healthy in terms of sugars, fats and Na. A recent study
on older primary-school children aged 9–10 years, pub-
lished since the review and looking at consumption of
speciﬁc foods by meal type, reported that children having
packed lunches had more savoury snacks and importantly
that lunchtime intake makes a signiﬁcant contribution to
overall dietary intake(26).
Approximately half of primary-school children bring a
packed lunch from home(27) and this has remained stable
in the last few years(26). The quality of packed lunches
therefore remains a concern, and it is important that
information on both packed lunches and school meals is
collected periodically in order to assess the impact of
policy changes affecting school lunches(28). The present
study uses data collected from a large number of primary-
school children across England to determine the effect of
meal type on important nutrients over the whole day, as
well as the consumption of common children’s foods.
Methods
Study design
Data were collected in 2007 from 2709 children attending
ﬁfty-four primary schools randomly selected from all state
schools across England. One class from Year 2 was
randomly sampled from each school. The schools reﬂec-
ted a wide range of social classes and ethnic backgrounds.
The data analysed here are part of a cluster-randomised
controlled trial and further details on sampling procedures
are provided in the published trial protocol(29). Power
calculations were based on identifying differences in daily
fruit and vegetable consumption of 0·5 portions with
power of 80 % and signiﬁcance level of P< 0·05.
Dietary data were collected using the Child and Diet
Evaluation Tool (CADET), which has previously been
validated in a similar age group(30). CADET is a paper-
based, 24 h estimated food diary with foods separated into
different categories and times of the day. During the
school day the trained administrators completed the diary
for each child. After school, parents recorded all foods
their child ate during the day by ticking the foods their
child consumed at each meal or snack time. CADET uses
sex- and age-appropriate portion sizes for each food
category that are estimated using results on portions from
the children’s National Diet and Nutrition Survey
(NDNS)(31). In addition to dietary data, personal informa-
tion was requested including sex, education level of par-
ents, ethnicity and postcode (on which the Index of
Multiple Deprivation (IMD) was estimated) and informa-
tion on aspects of diet including school meal type. This
tool was chosen for being one of the few valid but simple
tools that accurately reﬂects the diet of children.
A selection of nutrients was analysed to determine
whether there was a difference in daily nutrient intakes
between school meals and packed lunches. These inclu-
ded energy (kJ/d and kcal/d), total and saturated fat (g/d),
carbohydrate (g/d), starch (g), total sugar (g/d), protein
(g/d), ﬁbre (NSP; g/d), Ca (mg/d), Fe (mg/d), Zn (mg/d),
folate (mg/d), vitamin A (µg/d), vitamin C (mg/d) and Na
(mg/d). These nutrients were chosen because they are
included in the nutrient standards for school meals.
A range of foods was analysed to determine differences
in consumption by food type. The CADET diary contains
117 food groups; however, this included individual fruits
and vegetables. Vegetables were categorised into ﬁve
groups: dark green, red and orange, legumes, starchy and
other. Fruits were categorised into two groups: fresh or
frozen (combined) or dried. After combining fruit and
vegetable types there were eighty-ﬁve food groups in
total. Foods consumed by at least 10 % of children are
reported in the tables for ease of use.
Statistical analysis
All statistical analyses were carried out using the statistical
software package STATA version 11·0 (2010). In order to
compare nutrient intakes, multilevel regression modelling
was used to take into account the clustering effect of
children within schools. The variation in nutrients between
children in a school having the same school meal may be
smaller than the variation for all children and therefore
multilevel regression is required. A separate regression
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model was performed for each nutrient. The normality
of the variables was checked by generating histograms
and inspecting the mean value in comparison with the
standard deviation. Variables showing a skewed distribu-
tion were transformed to the natural logarithm before
carrying out any statistical tests. Model ﬁt was checked by
inspecting histograms of the residuals. Results were dis-
played unadjusted for all children (model 1) and adjusted
for age, sex, IMD in quartiles and ethnicity (model 2).
The percentage and 95 % conﬁdence interval of chil-
dren consuming each food were calculated, as well as the
percentage by each lunch type. In order to test whether
children having a packed lunch were more or less likely to
consume a certain food or drink, logistic regression was
used to generate the odd ratios of consuming each food
compared with children having a school meal; 95 % con-
ﬁdence intervals and P values were also generated. For
each food, two models are presented: model 1, which was
adjusted for clustering of children within schools only, and
model 2, a fully adjusted model adjusting for age, sex, IMD
quartiles and ethnicity.
Children were excluded from the analysis if they had an
energy intake value above 16 736 kJ/d (4000 kcal/d). If
there was no information on school meal type children
were excluded from the regression models but were
included in the descriptive analysis. These children were
compared with children having school meals and packed
lunches to assess any potential response bias.
Results
Dietary data were collected from 2709 children. Thirty-
seven children were excluded because of unfeasibly high
daily energy intake of more than 16 736 kJ (4000 kcal),
leaving 2672 children in the preliminary analysis.
Background descriptive information on the total group
and boys and girls is provided in Table 1. The children in
the present study had BMI values similar to those in
national data collected by the Health Survey for England
for this age group(32). There were no obvious differences
between sexes in terms of anthropometric measures.
Information on school lunch type was available from
2373 children; however, this information was missing from
299 (11%) of children. The number of boys and girls was
similar, with 50% of the total sample being boys. The pro-
portion of boys and girls having a school meal, where
information on meal type was available, was similar; 44 % of
boys had a school meal and 45% of girls had a school meal,
with the remaining children reporting taking a packed
lunch. Some of the children with missing lunch information
may have gone home for lunch. The results from the total
sample of 2373 children indicated that anthropometric
measures were similar in both groups of children: those
having school meals and those having packed lunches.
Adjusting only for clustering within schools and no
other factors, daily energy intake for boys and girls com-
bined was similar for those having a school meal or a
packed lunch. However, daily intake of some nutrients
was different when comparing school meal type. Vitamin A
and vitamin C were log-transformed for analysis as they
were not normally distributed. Children having a school
meal had higher mean daily intakes of protein, ﬁbre (NSP)
and Zn (see Table 2). Conversely, mean daily intakes of
carbohydrate, total sugars and Na were all higher in chil-
dren taking a packed lunch to school. The results for boys
and girls separately were broadly similar to the results
from all children (data not shown). The adjusted models
included fewer children due to missing data on ethnicity
and IMD (see Table 2). Differences in daily nutrient
intakes between meal type broadly remained the same in
these models and were not attenuated for most nutrients.
Table 1 Characteristics of children aged 6–8 years and primary schools included in the analysis, England, 2007. Figures are not adjusted for
clustering within schools
All children Boys Girls
Descriptor n Mean SD Mean SD Mean SD
Children
Age (years) 2656 7·02 0·30 7·02 0·30 7·01 0·30
Weight (kg) 2652 25·1 4·8 25·3 4·6 24·9 4·8
Height (cm) 2652 122·8 5·5 123·4 5·6 122·2 5·4
BMI (kg/m2) 2651 16·6 2·3 16·5 2·2 16·6 2·4
Standardised BMI 2651 0·4 1·1 0·4 1·1 0·3 1·1
n Median IQR Median IQR Median IQR
Schools
Free school meals (%) 2656 11 4–25 11 4–24 11 4–26
KS2 achievement 2441 4·2 3·9–4·4 4·2 3·9–4·3 4·2 3·9–4·4
EAL (%) 2656 2 1–9 2 1–7 2 0–10
IMD score 2282 16·8 9·4–30·9 16·7 9·4–30·8 17·2 9·4–30·9
KS2, Key Stage 2 level (target is KS4 for all students by age 11 years); EAL, English as a second language; IMD, Index of Multiple Deprivation;
IQR, interquartile range.
38 CEL Evans et al.
Ta
b
le
2
M
ea
n
va
lu
es
(a
nd
st
an
da
rd
er
ro
rs
)
fo
r
an
th
ro
po
m
et
ric
m
ea
su
re
s
an
d
da
ily
nu
tr
ie
nt
in
ta
ke
s
of
ch
ild
re
n
ag
ed
6–
8
ye
ar
s
by
sc
ho
ol
lu
nc
h
ty
pe
,a
dj
us
te
d
fo
r
cl
us
te
rin
g
w
ith
in
sc
ho
ol
s
on
ly
(m
od
el
1)
an
d
fu
lly
ad
ju
st
ed
(m
od
el
2)
fo
r
ag
e,
se
x,
et
hn
ic
ity
an
d
In
de
x
of
M
ul
tip
le
D
ep
riv
at
io
n*
,
E
ng
la
nd
,
20
07
.
R
es
ul
ts
ar
e
fo
r
sc
ho
ol
m
ea
ls
co
m
pa
re
d
w
ith
pa
ck
ed
lu
nc
he
s
S
ch
oo
lm
ea
l(
n
10
53
)
P
ac
ke
d
lu
nc
h
(n
13
20
)
A
ll
ch
ild
re
n
(n
23
73
)
M
od
el
1
M
od
el
2
M
ea
n
S
E
M
ea
n
S
E
M
ea
n
S
E
D
iff
er
en
ce
95
%
C
I
P
va
lu
e
D
iff
er
en
ce
95
%
C
I
P
va
lu
e
A
nt
hr
op
om
et
ric
m
ea
su
re
s
A
ge
(y
ea
rs
)
7·
00
0·
01
7·
02
0·
01
7·
02
0·
01
−
0·
02
−
0·
05
,
0·
01
0·
16
W
ei
gh
t
(k
g)
25
·2
0·
1
25
·0
0·
1
25
·1
0·
1
0·
2
−
0·
2,
0·
6
0·
28
H
ei
gh
t
(c
m
)
12
2·
8
0·
2
12
2·
7
0·
2
12
2·
8
0·
1
0·
2
−
0·
3,
0·
6
0·
45
B
M
I
(k
g/
m
2
)
16
·6
0·
1
16
·6
0·
1
16
·6
0·
1
0·
1
−
0·
1,
0·
2
0·
38
S
ta
nd
ar
di
se
d
B
M
I
0·
41
0·
03
0·
38
0·
03
0·
38
0·
03
0·
04
−
0·
04
,
0·
11
0·
34
E
ne
rg
y/
nu
tr
ie
nt
s
E
ne
rg
y
(k
J)
67
52
80
68
84
57
66
62
53
−
13
2
−
31
0,
46
0·
15
−
98
−
28
5,
87
0·
29
P
ro
te
in
(g
)
57
·4
0·
8
53
·4
0·
5
53
·9
0·
5
4·
0
2·
3,
5·
7
<
0·
01
4·
3
2·
6,
6·
0
<
0·
01
C
ar
bo
hy
dr
at
e
(g
)
22
7·
2
2·
6
23
6·
6
2·
0
22
6·
4
1·
9
−
9·
3
−
15
·4
,
−
3·
2
<
0·
01
−
7·
9
−
14
·4
,
−
1·
5
0·
02
To
ta
lf
at
(g
)
58
·0
0·
9
59
·3
0·
6
57
·5
0·
6
−
1·
3
−
3·
3,
0·
6
0·
18
−
1·
2
−
3·
2,
0·
9
0·
26
S
FA
(g
)
21
·1
0·
4
21
·1
0·
2
20
·6
0·
2
0·
0
−
0·
8,
0·
9
0·
95
0·
1
−
0·
8,
1·
0
0·
82
To
ta
ls
ug
ar
(g
)
11
8·
7
1·
9
12
9·
6
1·
5
12
0·
9
1·
4
−
11
·0
−
15
·3
,
−
6·
6
<
0·
01
−
10
·3
−
15
·0
,
−
5·
7
<
0·
01
S
ta
rc
h
(g
)
10
5·
6
1·
0
10
3·
8
0·
7
10
4·
7
0·
6
1·
7
−
0·
7,
5·
1
0·
3
2·
3
−
1·
1,
5·
7
0·
18
F
ib
re
(N
S
P,
g)
12
·5
0·
2
11
·6
0·
1
11
·7
0·
1
0·
9
0·
5,
1·
3
<
0·
01
1·
0
0·
5,
1·
4
<
0·
01
C
a
(m
g)
73
9·
0
11
·1
73
4·
6
8·
7
71
6·
9
7·
5
4·
4
−
21
·7
,
30
·5
0·
74
5·
5
−
22
·3
,
33
·3
0·
39
F
e
(m
g)
9·
4
0·
1
9·
3
0·
1
9·
1
0·
1
0·
1
−
0·
2,
0·
4
0·
40
0·
2
−
0·
1,
0·
5
0·
15
Z
n
(m
g)
6·
5
0·
1
6·
2
0·
1
6·
2
0·
1
0·
4
0·
1,
0·
6
<
0·
01
0·
4
0·
2,
0·
6
<
0·
01
F
ol
at
e
(µ
g)
19
9·
4
2·
8
19
2·
8
2·
1
19
0·
3
1·
9
6·
6
0·
1,
13
·0
0·
05
9·
2
2·
6,
15
·8
<
0·
01
V
ita
m
in
C
(m
g)
*
4·
44
0·
03
0
4·
41
0·
02
4
4·
36
0·
02
3
0·
02
9
−
0·
03
5,
0·
09
4
0·
37
0·
05
9
−
0·
00
7,
0·
12
5
0·
08
V
ita
m
in
A
(µ
g)
*
6·
33
0·
03
8
6·
31
0·
03
3
6·
30
0·
03
3
0·
02
0
−
0·
06
0,
0·
11
0
0·
62
0·
04
2
−
0·
04
7,
0·
13
0
0·
35
N
a
(m
g)
20
45
32
21
45
21
20
57
20
−
10
1
−
17
3,
−
29
<
0·
01
−
91
−
16
7,
−
15
0·
02
*C
al
cu
la
te
d
us
in
g
na
tu
ra
ll
og
ar
ith
m
.
Comparisons between school meal type 39
In the fully adjusted models children having school meals
consumed higher amounts of protein, ﬁbre and Zn and
lower levels of total sugars and Na, as was seen in the
unadjusted models. In addition, daily folate consumption
was also signiﬁcantly higher in children having a school
meal. These results were similar for boys and girls sepa-
rately (data not shown).
Frequencies of consumption for all children, children
having a school meal and children having a packed lunch
were generated for all of the food groups from the CADET
assessment tool. The results showed thirty-three foods
were consumed by less than 10 % of the sample and were
excluded from further analysis. The frequencies and 95 %
conﬁdence intervals are displayed in Table 3 for the forty-
seven remaining foods plus total vegetables and total fruit.
The most commonly consumed foods in this group of
children were bread, spreads, milk, yoghurts, crisps
(potato chips), vegetables and potatoes. The most com-
mon drinks were sweetened drinks and juices.
Odds ratios calculated for each food indicated that there
were many foods that were more likely to be consumed
(over the whole day) by children having a school meal; and
other foods that were more likely to be consumed (over the
whole day) by children having a packed lunch (Table 4).
The most popular foods more likely to be consumed by
children having a packed lunch included bread, spreads,
ham, cheese spread, crisps, jam, yoghurt, chocolate biscuits,
cake, cereal bars and dried fruit. Popular foods more likely to
be consumed by children having a school meal included hot
foods such as all types of vegetables, including dark green
vegetables and legumes, pasta, stew, ﬁsh ﬁngers, pizza,
sausages, rice, potatoes, gravy and custard. Children having
a packed lunch were more likely to have sweetened drinks
and fruit juice over the whole day while children having a
school meal were more likely to drink water during the day.
Discussion
This large survey of children across England investigated
differences in daily consumption of important nutrients
and foods, by school meal type consumed at lunchtime.
The results suggest that children having a school meal
consume a healthier diet over the whole day compared
with children who take a packed lunch to school. Children
having a school meal, on average, consumed lower levels
of total sugars and Na and higher levels of protein, ﬁbre,
Zn and folate over the whole day. The differences were in
the region of 5 to 10 % for all nutrients. Children having a
school meal were more likely to have all types of vege-
tables and drink water during the day; and were less likely
to consume sweet and savoury snacks and sweetened
drinks. These differences in foods consumed explain why
sugar and Na consumption was lower and Zn, folate and
ﬁbre intakes were higher in children who had a school
meal. There were no appreciable differences in energy,
total fat or saturated fat intakes over the whole day
between meal types.
The data for the study were collected in the same year
the food standards for school meals were introduced into
primary schools. The changes may not have been fully
implemented in all schools; however, it was expected that
if there was no improvement in packed lunches but an
improvement in school meals the gap may have widened
compared with data from before 2006. A review of surveys
carried out between 1990 and 2007(25) reported that daily
energy and saturated fat intakes were higher if children had a
packed lunch. However, we did not see a difference in these
nutrients. This may be because food companies have made
efforts to reduce saturated fat from snack foods such as crisps
(potato chips) in recent years and these improvements have
affected packed lunches more than school meals.
The review of studies carried out between 1990 and 2007
broadly concurred with the results from the present study
regarding Na and sugar intakes. The children having packed
lunches in the present study had, on average, equivalent to
an extra two teaspoons (10 g) of sugar per day compared
with those having a school meal. This equates to about a
10% difference in sugar consumption over the day for an
average child. The higher sugar intake of children having a
packed lunch reﬂects the higher consumption of biscuits,
yoghurts, cakes and sweetened drinks in these lunches,
which has also been reported in other surveys(24,33,34). The
difference in Na consumption between meal types reported
in the present study is about 100mg, a smaller difference
compared with the review of studies before 2007. This
attenuated difference could be due to lowered Na content of
key lunchtime foods such as bread and crisps (potato chips).
The food composition data were updated prior to the current
analysis to reﬂect lower Na levels of these foods. However,
the lower Na intake by children having a school meal reﬂects
the persistent difference in dietary pattern with more meat,
potatoes, gravy and vegetables consumed by children
having a school meal and more bread, spreads, ham, cheese
spread and crisps by children having a packed lunch.
Previous research studies looking at lunchtime intake
rather than intake over the whole day generally reported
larger differences in nutrient intake by lunch type com-
pared with whole day intake. A survey of more than
10 000 primary-school children carried out by the School
Food Trust in 2009(36) reported differences by lunch type
in many of the same nutrients that were found in the
present study. We have shown that the differences in
lunchtime intake of some nutrients persist over the whole
day but this was not the case for all nutrients. The School
Food Trust reported higher levels of total fat and saturated
fat and Ca in packed lunches which we did not see in our
analysis of intake over the whole day. This indicates that
there may be some compensation during the rest of the
day outside school for some nutrients but not others.
Stevens and Nelson analysed nutrient intake from school
meals and packed lunches from the Low Income Diet and
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Nutrition Survey over both lunchtime and the whole day,
and found that although there were differences in lunch-
time intake by meal type these differences rarely persisted
over the whole day(36). This may have been because the
sample size was smaller than our analysis and therefore the
study was not powered to see more modest differences.
However, a previous study investigating differences in intake
by lunch type in younger children aged 4–6 years reported
similar ﬁndings to this research(37).
In the case of Fe, few differences were seen between
the two types of lunch on whole day intake. In the pre-
vious review(25), a higher content of Fe in packed lunches
Table 3 Percentage of children (and 95% confidence interval) consuming each food type for all children aged 6–8 years (n 2672), children
having a school meal (n 1053) and children having a packed lunch (n 1320), for foods consumed by more than 10% of all children,
England, 2007
All children School meal Packed lunch
Food type % consuming food 95% CI % consuming food 95% CI % consuming food 95% CI
Bread and cereals
Bread 76·7 75·1, 78·3 63·2 60·2, 66·1 90·2 88·5, 91·8
Sugar cereals 11·6 10·4, 12·9 11·9 9·9, 13·8 11·5 9·8, 13·2
High-fibre cereal 27·3 25·6, 29·0 28·1 25·4, 30·8 28·9 26·5, 31·4
Other cereals 27·4 25·7, 29·1 27·4 24·7, 30·1 28·9 26·4, 31·3
Milk on cereal 46·4 44·6, 48·3 47·3 44·3, 50·3 49·4 46·7, 52·1
Spreads 54·5 52·6, 56·4 36·8 33·9, 39·8 71·8 69·4, 74·2
Jam 14·4 13·0, 15·7 11·8 9·8, 13·7 17·5 15·4, 19·6
Snack foods
Cake 34·0 32·2, 35·8 38·7 35·8, 41·7 31·3 28·8, 33·8
Cereal bar 13·1 11·8, 14·3 10·9 9·0, 12·8 15·8 13·8, 17·7
Chocolate biscuit 26·5 24·8, 28·2 14·8 12·7, 17·0 36·3 33·7, 38·9
Other biscuit 25·9 24·2, 27·5 25·5 22·9, 28·2 26·8 24·4, 29·2
Sweets 13·7 12·4, 15·0 14·4 12·3, 16·6 14·1 12·2, 16·0
Chocolate 17·4 16·0, 18·9 16·9 14·6, 19·2 19·1 17·0, 21·2
Crisps 40·7 38·8, 42·5 24·1 21·5, 26·7 55·1 52·4, 57·8
Cheese/meat/fish
Hard cheese 25·7 24·1, 27·4 25·5 22·9, 28·2 27·0 24·6, 29·4
Cheese spread 17·4 15·9, 18·8 8·7 7·0, 10·4 24·8 22·4, 27·1
Sliced chicken 18·5 17·0, 20·0 21·9 19·4, 24·4 17·7 15·6, 19·7
Meat stew 12·7 11·5, 14·0 15·4 13·2, 17·6 11·4 9·7, 13·2
Ham 23·6 22·0, 25·2 13·0 11·0, 15·0 32·9 30·3, 35·4
Sausage 17·0 15·6, 18·5 19·8 17·4, 22·3 16·1 14·1, 18·0
Pizza 10·5 9·4, 11·7 13·2 11·2, 15·2 7·3 5·9, 8·8
Fish fingers 11·3 10·1, 12·5 15·7 13·4, 17·9 6·8 5·5, 8·2
Gravy 16·0 14·6, 17·4 24·5 21·9, 27·1 10·3 8·7, 11·9
Ketchup 13·3 12·0, 14·6 14·6 12·5, 16·8 13·1 11·3, 14·9
Rice/pasta/potatoes
Boiled rice 12·3 11·1, 13·6 14·2 12·0, 16·3 11·6 9·9, 13·3
Plain pasta 8·0 6·9, 9·0 10·1 8·2, 11·9 6·4 5·1, 7·8
Tomato pasta 6·7 5·8, 7·7 8·3 6·6, 9·9 5·4 4·2, 6·6
Cheese pasta 3·8 3·1, 4·5 6·0 4·5, 7·4 2·3 1·5, 3·1
Meat pasta 10·9 9·7, 12·0 13·2 11·2, 15·2 9·3 7·7, 10·9
Boiled potatoes 36·9 35·1, 38·8 51·0 48·0, 54·0 28·6 26·1, 31·0
Fried potatoes 32·0 30·3, 33·8 42·0 39·0, 45·0 25·6 23·2, 28·0
Desserts
Yoghurt 50·3 48·4, 52·2 38·5 35·5, 41·4 63·9 61·3, 66·5
Ice cream 14·0 12·6, 15·3 14·8 12·7, 17·0 13·6 11·7, 15·4
Custard 13·3 12·0, 14·6 23·0 20·4, 25·5 5·5 4·2, 6·7
Fruits/vegetables
Total vegetables 84·5 83·1, 85·8 90·6 88·8, 92·4 82·0 79·9, 84·0
Dark green vegetables 18·5 17·0, 19·9 24·3 21·7, 26·9 15·8 13·9, 17·8
Orange/red vegetables 46·4 44·5, 48·3 48·7 45·7, 51·7 45·8 43·1, 48·4
Legumes 20·4 18·8, 21·9 25·5 22·8, 28·1 16·7 14·7, 18·8
Starchy vegetables 32·1 30·3, 33·9 40·2 37·2, 43·1 28·0 25·5, 30·4
Other vegetables 50·0 48·0, 51·7 56·9 53·9, 59·9 47·2 44·5, 49·9
Total fruit 89·7 88·6, 90·9 90·4 88·6, 92·2 91·2 89·7, 92·7
Fresh/tinned fruit 89·0 87·8, 90·1 89·9 88·1, 91·8 90·3 88·7, 91·9
Dried fruit 10·0 8·9, 11·1 5·6 4·2, 7·0 14·3 12·4, 16·2
Drinks
Milk drink 59·7 57·9, 61·6 64·8 61·9, 67·7 57·7 55·0, 60·3
Soft drink 52·9 51·0, 54·8 44·4 41·4, 47·4 62·1 59·5, 64·7
Low-calorie drink 11·5 10·3, 12·7 10·8 8·9, 12·7 13·6 11·8, 15·5
Juice 43·8 41·9, 45·7 42·2 39·2, 45·1 49·6 46·9, 52·3
Water 78·1 76·5, 79·7 86·5 84·4, 88·6 73·6 71·3, 76·0
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was reported which may have been due to the ﬁnancial
restrictions of providing red meat in school meals. Com-
pared with the recommended nutrient intake for Fe for this
age group, both groups were on average consuming
adequate amounts of Fe.
Compared with the recommended nutrient intakes set
by the Department of Health, mean intakes of starch, ﬁbre
and Zn were lower than recommended for the whole
sample and Na and sugar intakes were higher than
recommended. The long-term improved health impact of a
Table 4 Probability of consuming each food type (odds ratios, 95% confidence intervals and P values) for children aged 6–8 years having a
school meal compared with children having a packed lunch, England, 2007
Model 1 Model 2
Food type OR 95% CI P value OR 95% CI P value
Bread and cereals
Bread 0·17 0·13, 0·21 <0·01 0·16 0·13, 0·21 <0·01
Sugar cereals 1·04 0·80, 1·33 0·79 1·08 0·83, 1·42 0·56
High-fibre cereal 0·96 0·80, 1·15 0·66 0·99 0·82, 1·19 0·88
Other cereals 0·91 0·75, 1·09 0·30 0·93 0·76, 1·13 0·46
Milk on cereal 0·92 0·78, 1·08 0·31 0·93 0·78, 1·10 0·40
Spreads on bread 0·22 0·19, 0·27 <0·01 0·22 0·18, 0·27 <0·01
Jam on bread 0·63 0·50, 0·81 <0·01 0·57 0·44, 0·74 <0·01
Snack foods
Cake 1·63 1·33, 2·01 <0·01 1·63 1·31, 2·03 <0·01
Cereal bar 0·70 0·54, 0·92 0·01 0·69 0·52, 0·91 <0·01
Chocolate biscuit 0·29 0·24, 0·36 <0·01 0·31 0·25, 0·39 <0·01
Other biscuit 0·92 0·75, 1·12 0·41 0·89 0·72, 1·11 0·31
Sweets 1·03 0·82, 1·31 0·78 1·07 0·83, 1·38 0·61
Chocolate 0·86 0·70, 1·07 0·17 0·85 0·68, 1·07 0·16
Crisps 0·26 0·21, 0·31 <0·01 0·26 0·21, 0·32 <0·01
Cheese/meat/fish
Hard cheese 0·89 0·73, 1·09 0·27 0·85 0·69, 1·05 0·13
Cheese spread 0·29 0·23, 0·37 <0·01 0·30 0·23, 0·39 <0·01
Sliced chicken 1·24 0·98, 1·57 0·08 1·28 1·00, 1·64 0·05
Meat stew 1·52 1·17, 1·97 <0·01 1·59 1·21, 2·10 <0·01
Ham 0·29 0·23, 0·36 <0·01 0·29 0·22, 0·36 <0·01
Sausage 1·38 1·08, 1·75 <0·01 1·39 1·08, 1·79 0·01
Pizza 2·02 1·48, 2·76 <0·01 1·99 1·42, 2·77 <0·01
Fish fingers 2·85 2·06, 3·94 <0·01 2·62 1·85, 3·71 <0·01
Gravy 2·67 2·05, 3·46 <0·01 2·71 2·07, 3·54 <0·01
Ketchup 1·17 0·92, 1·50 0·21 1·23 0·95, 1·59 0·12
Rice/pasta/potatoes
Boiled rice 1·32 1·01, 1·73 0·04 1·44 1·07, 1·92 0·02
Plain pasta 1·57 1·13, 2·19 <0·01 1·58 1·12, 2·24 0·01
Tomato pasta 1·58 1·11, 2·24 0·01 1·67 1·16, 2·40 <0·01
Cheese pasta 2·62 1·60, 4·27 <0·01 2·64 1·55, 4·47 <0·01
Meat pasta 1·53 1·16, 2·01 <0·01 1·56 1·17, 2·08 <0·01
Boiled potatoes 2·74 2·26, 3·32 <0·01 2·93 2·39, 3·59 <0·01
Fried potatoes 2·13 1·75, 2·59 <0·01 2·15 1·76, 2·64 <0·01
Desserts
Yoghurt 0·34 0·28, 0·41 <0·01 0·34 0·28, 0·41 <0·01
Ice cream 1·10 0·85, 1·41 0·47 1·12 0·86, 1·46 0·39
Custard 6·55 4·75, 9·04 <0·01 6·43 4·58, 9·02 <0·01
Fruits/vegetables
Total vegetables 2·58 1·95, 3·42 <0·01 2·63 1·96, 3·55 <0·01
Dark green vegetables 1·72 1·36, 2·16 <0·01 1·81 1·42, 2·31 <0·01
Red/orange vegetables 1·33 1·10, 1·61 <0·01 1·36 1·11, 1·67 <0·01
Legumes 1·74 1·40, 2·17 <0·01 1·66 1·32, 2·09 <0·01
Starchy vegetables 1·85 1·53, 2·24 <0·01 1·91 1·56, 2·33 <0·01
Other vegetables 1·53 1·28, 1·82 <0·01 1·58 1·32, 1·91 <0·01
Total fruit 0·85 0·63, 1·15 0·29 0·84 0·61, 1·16 0·29
Fresh/tinned fruit 0·90 0·67, 1·21 0·48 0·88 0·65, 1·20 0·42
Dried fruit 0·35 0·25, 0·48 <0·01 0·36 0·26, 0·51 <0·01
Drinks
Milk drink 1·23 1·02, 1·48 0·03 1·23 1·01, 1·50 0·04
Soft drink 0·46 0·38, 0·55 <0·01 0·46 0·38, 0·55 <0·01
Low-calorie drink 0·77 0·59, 0·99 0·05 0·76 0·58, 0·99 0·05
Juice 0·72 0·60, 0·86 <0·01 0·78 0·65, 0·94 0·01
Water 2·64 2·06, 3·39 <0·01 2·71 2·09, 3·52 <0·01
IMD, Index of Multiple Deprivation.
Model 1 (n 2373) is adjusted for clustering within schools only and model 2 (n 2172) is the fully adjusted model adjusted for age, sex, ethnicity and IMD quartiles
in addition to clustering within schools.
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decrease in the region of 10 % in key nutrients such as
sugars and Na is not clear, as the majority of the evidence
available on diet and health outcomes is from research on
adults not children. There is little published evidence that
children who have a packed lunch are more likely to be
overweight or obese or have worse health markers.
Indeed, we saw no difference in daily energy intake by
lunchtime meal type in the current large study. However, a
study in London on markers of CVD and type 2 diabetes
mellitus risk by Whincup et al. reported that adolescents
having school meals had signiﬁcantly lower systolic blood
pressure and fasting insulin levels(38), which may be
linked to our results in terms of sugar and Na consump-
tion. A US school-based study reported improvements in
blood lipid proﬁles with the introduction of a healthier
school lunch lower in total and saturated fat(39), providing
some evidence of the potential importance of lunchtime
meals on children’s long-term health.
There are notable strengths of the current study. It
included a large number of children in more than ﬁfty
schools across the whole of England. The children were
representative of the region with broadly similar levels of
deprivation to the national average(40) and a similar
proportion of children having a school meal compared with
the national average of 45% at this time(41). Compared with
the NDNS, intakes were generally higher in our survey,
probably due to the difference in dietary assessment
methodology(42). Compared with the original NDNS carried
out in 1997 in the UK, daily intake was higher in energy and
all nutrients with the exception of Na in our study. A further
strength was the advanced statistical methods applied to
these data. Multilevel regression analysis was used that took
into consideration the similarity of pupils clustered within
schools, and furthermore results were reported as unad-
justed and adjusted for social factors. Results were similar
for both models, indicating that age, sex, ethnicity and
deprivation were broadly similar in both groups.
There are limitations to the study that need to be
highlighted. The study is based on a cross-sectional, self-
reported, one-day food diary that uses estimated portion
sizes based on age and sex. This may lead to unreliable
reporting of energy and nutrient intakes. The difﬁculties of
accurately measuring dietary intake are well estab-
lished(42). Some of the parents did not complete the non-
diet data and therefore the adjusted models included
fewer children, which could result in bias.
In summary, half of families in England choose to send
their child to school with a packed lunch and children
having a packed lunch generally consume a less healthy
diet over the whole day, higher in sugars and Na and
lower in ﬁbre and Zn, even after adjusting for IMD and
ethnicity. Sweet snack foods and drinks and savoury
snacks are more commonly consumed by children having
a packed lunch, ﬁndings which are consistent with pre-
vious studies. In order to improve children’s diets we
recommend that policies are implemented that increase
the proportion of schoolchildren of all ages having a
school meal. The cost of school meals may be an impor-
tant reason why more families do not choose a school
meal and historical data indicate that as the cost of
school meals increases, uptake decreases(43). Potentially
successful policies may include increasing the number of
children eligible for a free school meal or subsidising the
cost of school meals. The current UK government has
recently introduced free school meals for all 4- to 7-year-olds
in England at a cost of £600 million per year. We further
suggest that high-quality prospective studies are carried out
to determine the beneﬁts of school meals to children on
markers of health such as blood pressure and blood sugars
in order to quantify the health beneﬁts by school lunch type.
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